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Editorial 



The Journal of Aquanautic and Underwater Sciences (JANUS) is the answer to how much has been evidenced by 
the Captain Nemo Magazine (CNM) history: in the years every credibility and ability to serious popular information in 
"generalist" press has not only gotten lost, for the great public, but the same one has happened in the field of the 
scientific research. Almost no one underwater peer reviewed magazine (whose contents were subordinate to 
independent review by "pairs") exists in the world, and on those few cases that can be counted on the fingers of one 
hand, there would be much to say... 

The "scientists" of the field (doctors, researcher, experts of several discipUnes relating to the underwater universe) are 
closely linked and influenced by the "diving market", and the market is so impoverished and in disarray to reflect on 
them this truth. The little existing publications are magazines sold to the highest bidder, closely afferent to merchants 
with a bachelor or a past, that sell commercial products, often disguised as not-profit organizations which, however, 
have affairs in tax havens and subsidiaries a lot profit. Nobody promotes more research in the literal and pure sense of 
the term, also because substantially there are not more people with whom to pursue it; the divers are a race in extinction, 
the capable divers are already dinosaurs since a long time, they are fossils. 

JANUS is born on the impulse of a new way (or better on the modern revival of the experiences of the pioneers of 
years '70/'80) to conceive the future of diving: the human permanent habitability of the abysses. 

The Aquanautic is to the diving like a Shuttle is to a kite; this simple equation very probably carries to consider our 
publishing house like a return to the golden age of the pioneers like J.Y. Cousteau and, as CNM was an experiment to 
the vanguard, JANUS proposes itself like indispensable instrument to the still existing competent and enthusiasts 
investigators and specialists of the multiple disciplines relating to the diving, and like the first informative scientific 
platform in the world for the aquanauts, the next generation. 

Drawing its own experience from CNM, the journal is not only born in English language, but with the exception of that 
"progenitor", it does not even consider to use the Italian, neither in coupling, neither as main language or, worse, as the 
only one. Also in other fields, very more qualified and qualifying ones, the number of scientific journals, considered to 
be of high-quality in the international ranking, is very low mostly because of the language that does not allow the 
experts, the "pairs" of other mother language, to easily estimate works, studies, and Italian researches. 
This has further motivated us to the economic and professional effort that the publishing translation demands, but it is 
an unavoidable and fundamental step in order to exit from provincialism and, above all, the highest risk not to allow an 
evaluation and a validation (or invalidation) of the result of the research. 

The first number of JANUS resumes some articles of CNM that, after more than ten years, remains a magazine so 
modern and visionary to be able to be still actual. But the real work stands at the door, and we are building things you 
people wouldn't believe, to cite Roy Batty. 



The Publisher 
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Abstract 

Sleep represents a complex recurring state of unconsciousness involving many lines of transmitters. It is considered as 
one of the most important factors influencing mental and physical health components. In the ICE/EUE (i.e. Space 
Stations, Underwater Habitats) sleep is often uncomfortable due to a lot of factors and this leads to sleep disorders. 
Even if the use of sedative is contraindicated, many astronauts and diving operators make use of drugs. It is essential to 
study methods and procedures to improve the psycho-physical health status of those crews. According to many studies, 
exercise is the most recommended alternative to sleeping pills for resolving insomnia. Future researches will be 
necessary as most of the reviews are inconclusive and regarding the submarine and space long term permanence 
operations programs, it is necessary a multidisciplinary research among diving/hyperbaric and aerospace medicine, 
behavioral psychology, etc., in ICE/EUE simulators and analog research laboratories for more then 4/6 months, as 
expected by the ERDEE Labs Program. 
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Article 

Sleep is one of the most important factors, directly influencing mental and physical health components. Low quality of 
sleep also influences functional components, memory, mood and nutrition. It represents a complex recurring state of 
unconsciousness involving many lines of transmitters which remains only partly clear despite intense ongoing 
researches. 

In the ICE/EUE' sleep is often uncomfortable. To adjust sleeping takes a long time; bodies and brains are used to 
certain circadian rhythms and disturbing them can cause sleep difficulties. In the Space Shuttle's missions astronauts 
sleep almost anywhere in a spacecraft due to the effects of weightlessness, avoiding the cockpit since light from the sun 
caused significantly heat up. Most of the crew on the ISS (International Space Station) chooses to sleep in the US main 
module, which is well-ventilated in order to prevent breathing of exhaled carbon dioxide. 

The catch is that they need to tether themselves to something in order to avoid floating away in the air currents. Due to 
the absence of gravity, in the microgravity environment the physical concept of "above" or "below" is missed; this 
means that it's just as easy to sleep vertically as they would horizontally back home. That means to secure the arms (and 
legs) in order to avoid them hovering during sleep. 

Most astronauts choose to sleep in the most similar way they do on Earth, i.e. in sleeping bags tethered to the floor, the 
walls, or the ceiling. Still, sleeping in weightlessness causes unfamiliar sensations to some astronauts which, together 
with excessive light and noise, creates poor conditions for getting suitable. 

Studies such as the Canadian lead Sleep Wake Immune Functions (SWIF), which was conducted aboard MIR (Russian 
space station), aimed to study more about sleeping in space. 

They show that Astronauts suffer from a significant amount of sleep deficiency both in the weeks leading up to hftoff 
and during their missions 

The authors of a 10 years research project^ recorded more than 4,000 nights worth of sleep on Earth and an additional 
4,200 nights of slumber in space. The researchers used data from 85 astronauts, 64 of whom had participated in a 
combined 80 Space Shuttle missions and 21 of whom had taken part in ISS missions. It was the largest-ever analysis of 
sleep habits before and during space flight report. Both objective and subjective evaluations of sleep quality were used. 
The astronauts wore a device (known as an actigraph). on their wrists, which tracked sleep and wake cycles; they kept a 
daily diary recording alertness levels and their own take on how well they had slept the previous evening. 
Even if NASA, which helped to fund the research, scheduled 8.5 hours' worth of sleep per night for crew members 
during spaceflight, the mean duration of sleep was actually less than six hours (5.96) on Shuttle missions and only 
slightly more (6.09) on ISS missions. Only 12% of sleep episodes on Shuttle missions and 24% on ISS missions lasted 
at least seven hours, compared to 42% and 50% respectively during post-flight nights. 



' Isolated Confmated Environments/Extreme Unusual Environments. 

^ Conducted by experts from the Brigham and Women's Hospital (BWH) Division of Sleep and Circadian Disorders, 
the Harvard Medical School Division of Sleep Medicine, and the University of Colorado Sleep and Chronobiology 
Laboratory. 
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The results also suggested that the problems begin during the training on Earth (recorded roughly 12 weeks prior to 
spaceflight), loosing approximately 30 minutes per night (average less than 6.5 hours of sleep per night) if compared to 
the average American adult. 

An associate physiologist in the BWH Division of Sleep and Orcadian Disorders, Dr. Laura K. Barger, stated "In 
ground-based studies, we know that sleeping less than six hours is associated with performance detriments". She added 
that "Sleep deficiency is pervasive among crew members" and that "It's clear that more effective measures are needed 
to promote adequate sleep in crew members, both during training and space flight, as sleep deficiency has been 
associated with performance decrements in numerous laboratory and field-based studies." 

From this study also emerged that three-fourths of astronauts used GABA modulators to manage the insomnia such as 
Zolpidem^ (nonbenzodiazepine hypnotic of the imidazopyridine class), and zaleplon* (nonbenzodiazepine hypnotic from 
the pyrazolopyrimidine class), to induce sleep. 

Medications were used for more than half of the nights, and in four of the 13 Shuttle missions, all of the crew members 
took sleeping pills on the same night for 6% of the time. 

The US Federal Drug Administration (FDA) warn against engaging people using sleeping pills in hazardous 
occupations requiring complete mental alertness or motor coordination. The problem is that sleep-promoting 
pharmaceuticals may jeopardize the ability for a crew member to optimally perform if awakened from sleep by an 
emergency alarm. 

That FDA warning includes "potential impairment of performance of such activities that may occur the day following 
ingestion of sedative/hypnotics", especially important because all crew members on a given mission may be under the 
influence of a sleep promoting medication at the same time. 

Literature reported that nonbenzodiazepine hypnotic works quickly, usually within 15 minutes, and has a short half-Ufe 
of two to three hours, but residual "hangover" effects, such as sleepiness and impaired psychomotor and cognitive 
function, may persist into the day following nighttime administration'^'^ leading to the impairment of the ability of users 
to act safely and increasing risks of accidents. 

Senior author Dr. Charles Czeisler, chief of the BWH Division of Sleep and Orcadian Disorders, added that future 
space missions "will require development of more effective countermeasures to promote sleep during spaceflight in 
order to optimize human performance. These measures may include scheduling modifications, strategically timed 
exposure to specific wavelengths of light, and behavioral strategies to ensure adequate sleep, which is essential for 
maintaining health, performance and safety"'^' 

Industrial diving operators who must remain in very small hyperbaric chambers for days and sometimes weeks, when 
working in gas saturation, suffer from sleep disorders too. 

Even if the use of sedative is absolutely contraindicated and banned by the operating procedures, numerous cases of 
hidden use of drugs by the personnel have been reported under the years'^'. 



' Ambien/Stilnox/Zonadin etc. 



Andante/Sonata/Starnoc . 
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The saturation crews are exposed to constant changes in temperature, high humidity, absence of circadian rhythms, 
impossibility of leaving the habitat even in cases of high risk (in 2011, a supply vessel in the Persian Gulf sank in a 
storm, dragging on the bottom six divers who carried out the decompression in the hyperbaric shelter on the deck). The 
use of GABA agonist (as showed for the Astronauts case) is extremely dangerous due to the physiological influence on 
CNS-receptors of the breathing gas under hyperbaric pressure, as cardiac depolarization and repolarization are also 
commons effects 

Since the early experiments of underwater habitability, both in the Soviet Union and North America, the UHS programs 
showed major problems related to sleep 

In the case of the crews of military submarines, the high level of military selection and training leads to a better 
adaptation to the ICE/EUE, even for prolonged periods (months) also due to the availability of common and individual 
areas. The studies conducted by the researchers show, however, a whole range of issues which need to be taken into 
account . 

Over the years, the studies on the crews of polar expeditions have shown the same kind of problems, which make even 
more obvious similarities in the reactions of the psyche and the human bodies exposed to ICE/EUE '^^^ ("analog" 
environments, in the NASA definition). 

Particular attention should be paid to the increase of stress in the case of emergencies in areas from which it is 
impossible to make an immediate evacuation. 

The need to maintain high levels of concentration, the balance to recover physical and mental energy through sleep 
despite the state of high individual and colletive risk '^'f'"', makes it clear how important it is to carry out in-depth 
studies on long periods permanence in extreme environments. 

This is a problem that will be highlighted in the coming years, with the transition from the prevalence of military trained 
and selected personnel into civilian one, and with the significant increase in terms of numbers of the crews. In the field 
of underwater habitability, the catchment area of the personnel is certainly provided within the diving community, that 
is geneally unsuitable for medium-long term permanence in ICE/EUE, as demonstrated by comparative behavioral 
studies '^"l It is essential, in addition to the study of adequate criteria of selection, to study methods and procedures to 
improve the psycho-physical health status of those crews. 

According to a 2005 study exercise is the most recommended alternative to sleeping pills for resolving insomnia. Of 
the same idea is the American Sleep Disorder Association (ASDA)''^^'''*l 
The possible mechanisms of effects of exercise on sleep are several: 

• effects on circadian Rhytm 

• effects on thermoregulatory mechanisms 

• effects on mental health 

• effects on restoration of the body '^'^^ . 

A 2010 review of published scientific researches suggested that physical exercise (which is any bodily activity that 
enhances or maintains physical fitness and overall health and wellness) generally improves sleep for most people, and 
helps sleep disorders. As far as insomnia is concerned, the optimum time to exercise may be 4 to 8 hours before 
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bedtime, though exercise at any time of day is beneficial. Heavy exercise taken shortly before bedtime, instead, may 
disturb sleep. There is, in any case, insufficient evidence to draw detailed conclusions about the relationship between 
exercise and sleep 

A study conducted in 2014 on 42 young adults '^'^^ objectively assessed that vigorous-intensity exercise is associated 
with reduced stress, increased mental health and good objective and subjective sleep in young adults. It shows that 
vigorous physical activity was associated with less stress, pain, subjective sleep complaints and depressive symptoms. 
Moreover, vigorous exercisers had more favorable objective sleep pattern. Especially, they had increased total sleep 
time, more stage 4 and REM sleep, more slow wave sleep and a lower percentage of light sleep. Vigorous exercisers 
also reported fewer mental health problems if exposed to high stress. 

Another study of 2014 shows that sleep and exercise influence each other through complex, bilateral interactions 
that involve multiple physiological and psychological pathways. Physical activity is usually considered beneficial in 
aiding sleep although this link may be subjected to multiple moderating factors such as age, sex, fitness level, sleep 
quality and to the characteristics of the exercise (intensity, duration, environment, time of day). It is therefore vital to 
improve knowledge in fundamental physiology in order to understand the benefits of exercise on the quality and 
quantity of sleep in healthy subjects and patients. Conversely, sleep disturbances could also impair a person's cognitive 
performance or the capacity for exercise. 

Ever in 2014 another study '''' points out evidences of the stimulatory effects of exercise on higher serotonergic 
pathways. Hence, exercise has proved to elicit acute elevations in forebrain serotonin concentrations, an effect that 
waned upon cessation of exercise. Regarding sleep-wake regulation, exercise has proved to accelerate resynchronization 
of the biological clock to new light -dark cycles following imposition of phase shifts in laboratory animals. It might be 
possible that acute aerobic exercise would act on sleep by increasing activity of ascending brain serotonergic 
projections. 

A study '^"^ conducted on 15 non-athlete middle aged women suffering from insomnia who underwent a period of 
aerobic exercises that included eight weeks, three one-hour sessions each week showed that the mean of sleep duration, 
sleep disturbance, sleep latency, and sleep efficiency indices significantly reduced 32%, 22%, 30%, 14% and 36%, 
respectively. The results also showed that the trend of changes in sleep duration, sleep disturbance, sleep latency, and 
sleep efficiency indices had significant descending trend. The study concluded that eight weeks of aerobic exercises can 
significantly increase sleep quality in middle-aged women. 

Another study conducted on 52 regularly exercising healthy young adults showed that high self-perceived exercise 
exertion before bedtime was associated with better sleep patterns. 

In conclusion, in general terms it may be said that a number of hypothesis exist regarding the mechanism underlying the 
effects of exercise on sleep. 

Anyway future researches will be necessary as most of the reviews are still inconclusive and regarding the submarine 
and space long term permanence operations programs, it is necessary a multidisciphnary research among 
diving/hyperbaric and aerospace medicine, behavioral psychology, etc., in ICE/EUE simulators and analog research 
laboratories for more then 4/6 months, as expected by the ERDEE Labs Program. 
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Abstract 

Technical divers operate in different adverse conditions, which often arise sensations of panic, anxiety and depression. 
Over the past years, scientists have tried to highhght some of the mechanisms responsible for the etiology of the 
disorders related to feelings of panic. Among all of these studies, the researchers focused their attention on the 
neurotransmitters which seem to be the candidates most involved in the onset of panic disorders, anxiety and 
depression. The restoration of normal homeostasis of these transmitter systems becomes the most effective therapy and 
provides important information about the neural circuits involved in this disease. 
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Article 

Technical divers operate in different adverse conditions, which often arise sensations of panic, anxiety and depression. 
These can be symptoms that may constitute borderline between life and death, as extreme diving requires maximum 
awareness and consciousness. 

Over the past years, scientists have tried to highlight some of the mechanisms responsible for the etiology of the 
disorders related to feelings of panic. Understanding the mechanisms by which the brain can develop an altered mental 
state is a particularly important tool for the development of potential remedies against the onset of these symptoms. 



JANUS vol. I, n. I, pag. 8 




Journal of Aquanautic and Underwater Sciences 

JANUS 



The pathophysiology of panic has been well characterized in preclinical models. Substantial progresses in neuroscience 
have made possible for clinical neuroscientists to explorate the pathophysiological mechanisms of panic and discover 
the treatments that are today pharmacologically active. Among all of these studies, the researchers focused their 
attention on the neurotransmitters which seem to be the candidates most involved in the onset of panic disorders, 
anxiety and depression. 

The latest advances in neuroscience have allowed researchers to enhance our understanding of this disease, as well as to 
re-evaluate the effectiveness of the treatments so far adopted. These advances, as well as having laid the foundations on 
which future neuropharmacological research will proceed, have identified in the alteration of the mutual modulation 
among essential transmissional systems of the brain (serotonin system, norepinephrine system, gamma-aminobutyric 
acid-of Substance P (SP) system and others) the origin of the pathogenesis of panic. The restoration of normal 
homeostasis of these transmitter systems becomes the most effective therapy and provides important information about 
the neural circuits involved in this disease. 

One of these primary peptides belongs to the tachykinin family, namely Substance P (SP). 

As far as panic responses, among primary afferent fibers, unmyeUnated C-fibers are known to convey delayed pain to 
second-order neurons in the superficial dorsal horn of spinal cord and medulla oblongata. C-fibers constitute 
approxiamtely the 70% of rat dorsal root 

fibers and the 83% of the rat saphenous nerve fibers. According to Lynn and Hunt, 80% of C-fibers are polymodal 
nociceptors in the rat. Therefore, it seems likely that most SP-immunoreactive C-fibers belong to polymodal 
nociceptors. This finding, together with the distribution of SP terminals in the superficial dorsal horn and the SP release 
upon noxious stimulation, as described above, strongly suggests that SP serves as a pain transmitter. 
This notion is further supported by the following electrophysiological and behavioral studies: 

SP excites specifically the dorsal horn neurons that respond to noxious cutaneous stimuli and dorsal horn cells with 
stronger nociceptive input. 

The dorsal horn possesses significantly higher numbers of SP-immunoreactive varicosites in the cat spinal cord. 
Furthermore, it has been shown that a slow (Excitatory Postsynaptic Slow Potential) EPSP recorded from cat dorsal 
horn neurons following noxious cutaneous stimulation was blocked by an intravenous injection of a tackykinin 
antagonist . 

Intrathecal injection of SP in mice elicits behaviors leading to pain sensation (scratching and biting of the abdomen and 
hind portion of the body) whereas tachykinin antagonists or SP antibodies administrated by the same route produce an 
analgesic effect. 

Neonatal treatment of rats with capsaicin (a SP depletion-induced substance) resulted in an elevation of pain threshold. 
Brief pulse application of SP induces a slow depolarization lasting tens of seconds in cultured spinal neurons. In the 
inferior mesenteric ganglion of the Guinea pig, there is a good evidence that SP mediates a slow EPSP. These and many 
other lines of evidence given above strongly suggest that SP, released from primary C -afferent terminals, produces a 
slow EPSP in second-order neurons in the spinal cord, thus contributing to transmission of delayed pain signals. 
However, there is evidence that most, if not all, of primary afferent terminals probably release fast acting transmitters. 
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In primary afferent terminals in the rat dorsal horn, SP-immunoreactivity is mainly associated with large granular 
vesicles, and most of the SP-positive terminals are also stained by antisera for glutamate. Therefore, it seems possible 
that SP-mediated slow EPSP in the second order neurons is accompanied by an L-glutamate-mediated fast EPSP. 
Peripheral noxious stimulation in the spinal dorsal horn causes a release of not only SP but also other peptides, such as 
neurokinin-A (NKA), calcitonin gene related peptide and somatostatin. NKA exerts an excitatory action similar to that 
of SP on spinal neurons. By contrast, somatostatin exerts inhibitory actions on spinal neurons. 

Furthermore there is an interaction between opioids and the tachykinergic transmission, resulting that opioids inhibit the 
high K+ -evoked release of SP from slices of the rat spinal trigeminal nucleus, and is seems feasible that SP release 
from primary C-afferent terminals in the spinal trigeminal nucleus and dorsal horn of the spinal cord is under a 
presynaptic inhibitory control by enkephalinergic interneurons. 

Concerning depression symptoms, modulating monoamine activity as therapeutic strategy continues to dominate 
antidepressant research with a recent emphasis on agents with multiple targets, including combined 
serotonin/noradrenaline re-uptake inhibitors and numerous serotonin receptors ligands. 

An important new development has been the emergence of potential novel mechanism of action, notably modulation of 
the activity of neuropeptides substance P and corticotrophin-releasing factor, and the intracellular messenger cyclic 
adenosine monophosphate. Efforts in this area have been recently rewarded by the demonstration of the antidepressant 
effect of the SP receptor antagonist MK-0869. 

The present results show the primary involvement of SP and related peptides in mediating the effects arising under 
specific circumstances, such as anxiety, and consequently panic state. Nevertheless, the mechanism of action through 
which these effects take place are still unknown and further studies need to be carried out. 

Therefore, it is aimed that tachykinin NK-1 receptor antagonists may be employed as preventive and / or potential 
cUnical drugs for treatment of specific central nervous system disorders. 

References 

[1] Hunt, S.P.; Mantyh, P.W., "The molecular dynamics of pain control'Mn: Nat Rev Neurosci 2(2):83-91, 2001, PMID: 11252998 . 
[2] Lynn, B., "Substance P and nociceptive afferent neurones", in: Physiol. 505(Pt 1):1, 1997, PMC 1160087 . 

[3] Moriarty, D.; Selve, N.; Baird, A.W.; Goldhill, J., "Potent NKl antagonism by SR-140333 reduces rat colonic secretory response to immunocyte 
activation", in: Am J Physiol Cell Physiol. 280(4):C852-8, 2001, PMID: 11245602 . 

[4] Pompei, P.; Severini, R.; Costa, G.; Massi, M.;Fattoretti, P.; Bertoni-Freddari, C, "In situ hybridization analysis of preprotachykinin-A mRNA 
levels in young and old rats", in: Mol. Brain Res., 64 (1):132-136, 1999, PMID: 9889349 . 

[5] Pompei, P.; Severini, R.; Pediconi, D.; Angeletti, M.; Eleuteri, A.; Fattoretti, P.; Bertoni-Freddari, C; Fioretti, E., "Regulation of 
Preprotachykinin-A mRNA gene expression in an animal model of Alzheimer's disease", in: J. Histochem. Cytochem., 49, 11:1460-1470, 2001, 
doi: 10.1177/002215540104901114 . 

[6] Pompei, P.; Severini, R.; Pediconi, D.; Martarelli, D.; Massi, M.; Fattoretti, P.; Bertoni-Freddari, C, "In Situ Hybridization Analysis of 
Preprotachykinin-A mRNA Levels in Young and Old Rats", in: J. Histochem. Cytochem., 49, 10:1325:1326, 2001, 
doi: 1 0. 1 1 77/0022 1 5540 1 0490 1017 . 

[7] Purves D.; Augustine G.J.; Fitzpatrick D., et al., (editors), Neuroscience, Sinauer Associates, 2nd edition, 2001. 



JANUS vol. I, n. 1, pag. 10 




Journal of Aquanautic and Underwater Sciences 

JANUS 



[8] Santoni, G.; Amantini, C; Lucciarini, R.; Perfumi, M.C.; Pompei, P.; Piccoli, M., "Neonatal capsaicin treatment affects rat thymocyte 
proliferation and cell death by modulating substance P and neurokinin- 1 receptor expression", in: Neuroimmunomodulation, 1 1(3): 160-72, 2004, 
PMID: 15067207 . 

[9] Yu, Z.; Cheng, G.; Huang, X.; Li, K.; Cao, X., "Neurokinin-1 receptor antagonist SR140333: a novel type of drug to treat cerebral ischemia", in: 
Neurorepoit. 7;8(9-10):21 17-9, 1997. PM1D:9243595 . 



JANUS vol. I, n. 1, pag. 1 1 




Journal of Aquanautic and Underwater Sciences 

JANUS 



Odontobaropathies: Problems and Risks in Diving 

Author: Luca Lucarint 

"Lucarini, Luca, MD, Adjunct Professor, Dipartimento di Medicina, Universita di Perugia (Medicine Department, University of Perugia, Italy) 

Abstract 

Odontobarodontopathies are all those disorders of the tooth resulting from changes in ambient pressure. Dental pain of 
dysbaric origin reproduces almost exactly the pulpitic one and has sometimes neuralgic irradiation. Several factors 
determine the severity of barodontalgia: bottom time, decompression profile and gas mixtures used. Sometimes an 
"odontocrexis" can occour, ie a fracture of the tooth or of a portion of it in order to release the trapped gas. Aerospace 
and aviation face the same problems; they prefer to call them by other names, ie aerodontalgia or flyer's toothache. In 
order to avoid barodontalgie it is usefull to undergo periodic inspections, to treat pathologies of the teeth as soon as 
possible, to use materials that ensure the complete safety of the absence of air pockets. 
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Article 

Odontobarodontopathies are all those disorders of the tooth resulting from changes in ambient pressure. This 
phenomenon occurs because of small amount of gas located inside the tooth or around the root of the same or in the so- 
called periodontium. Of course thesemicroscopic airspace are subject to the law of Boyle and then their volumes tend to 
vary inversely as the pressure varies. 

Among odontobaropathies the barodontalgia has nosologically a priority place that ultimately as the name suggests it 
indicates a pathological state where the primary symptom is pain that may appear in diving during the descent phase or 
during the ascent phase. 

The etiopathogenesis of this disease state has different causes. The main ones are: 

- Deep caries 

- Fillings not properly implemented for wrong technique or materials 

- Infiltrated Fillings 

- Abfractions, perimylolysis, erosion or other environmental processes that expose portions of dentin 
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- Inadequate endodontic therapy or endodontic temporary medications 

- Fixed prosthodontics (crowns) and inlaid with lack of marginal seal. 

Dental pain of dysbaric origin reproduces almost exactly the pulpitic one; the onset has a remarkable stabbing intensity, 
it is difficult to determine the area of origin and it has sometimes neuralgic irradiation. This event may mislead the diver 
that can be brought to impute his sufferings to other causes. 

We see in details the establishment of the phenomenon that leads to barodontalgia. 

In most cases a pocket of gas creates which communicates with the outside environment through a microscopic 
continuous solution which allows the molecules of high pressure gas to seep inside the tooth in contact with the dentine. 
We take a representative example: a technical diver and an old amalgam filling with infiltrated edges, that maybe over 
the years has acquired a microscopic mobility into place such as to enable a tendency to work as a as a non-return valve. 
Incidentally I point out that this type of fillings does not exploit any adhesive capacity of the material, but ensures its 
stability due to the shape retention of the cavity. 

Until a decade ago, according to the dental state of the art, many fillings of this type were realized using the so-called 
based substrates of calcium hydroxide for the protection of the pulp and to reinforce dentin. Unfortunately, it has been 
shown that many of these substrates can be completely reabsorbed from the dentin thus leaving an appreciable air space 
that in ordinary people does not create disturbances but for divers is a iatrogenic damage. In fact. 

During the descent, especially if it is fast, one can have a suction effect between the filling and the dentin amalgam. The 
increasing pressure during the descent creates an ex vacuous phenomenon leading to active hyperemia of the pulp that, 
although painful like the pulpitis, is still a reversible phenomenon if limited in time. During the ascent the reverse 
process takes place, ie all the gas which has gradually infiltrated the tooth / shutter during the bottom of the dive, will 
tend to expand. Obviously in this case, several factors determine the severity of barodontalgia: bottom time, 
decompression profile and especially gas mixtures used. 

The gas mixtures particularly rich in helium are the major responsible for this phenomenon because of the minimum 
size of the molecules of helium and the fact that these have a considerable mobility to such an extent that this gas is 
used in many scientific and industrial applications as "leak detector" . The decompression profile plays an important 
role, especially in recent times with the advent of deep stops and relatively new empirical concepts about 
decompressive procedures. The profiles that privilege deep stops and rich in helium gas up to 6 mt and make extreme 
the reduction of time in the last meters, require a great interchange between different tissues and gaseous compartments 
(it is in fact emphasized the accessory practice of fitness and the hypervascularization). The problem arises when a large 
amount of helium seeps into the space dentin / amalgam of a deteriorated filling and the diver has reduced 
decompression times in the phase of maximum expansion of the gas which means in the latest meters of the descent. 
The expanding gas will compress, through the dentinal tubules or for direct compression on the roof dentin, the dental 
pulp which will tend to wedge through the root canal in the apex root. In this circumstance beyond the barodontalgia we 
can have what the authors call "odontocrexis" ie a fracture of the tooth or of a portion of it in order to release the 
trapped gas. The odontocrexis occurs primarily in the devitalized teeth in which, due to incongruous filling of the root 
canal, some air sacs are still present. Usually in these teeth the odontocrexis occurs without warning symptoms or signs. 
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Following the same principle other dental restorations can create problems, in fact, it is not uncommon in these 
situations for inlays and crowns "to jump". In this regard it is extremely indicative the research of Goethe WH et al. 
conducted on a sample of 2580 between submariners and divers of the Federal Republic of Germany over a period of 
nine years, which shows that divers have a greater deterioration of dental health because of barotrauma than non-divers. 
Aerospace and aviation face the same problems even though they prefer to call them by other names, i.e. aerodontalgia 
or flyer's toothache. From 1977, on the initiative of the Scandinavian Airlines System, many airlines regularly undergo 
their employees to orthopantomography of the dental arch that, in addition to ensuring a means of recognition of any 
bodies in case of crash, serves to identify any akspace harbingers of barodontalgie 
Recommendations to avoid barodontalgie 

1) The diver in general, but more if technical one, must undergo periodic inspections to verify the state of dental health. 
The diver should inform the dentist that he practices diving It will be the dentist to assess the need for any control 
radiograms. 

2) All the pathologies of the teeth should be treated as soon as possible. Ask the dentist if during the intermediate stages 
of the care the presence of temporary dressings is compatible with the conduct of diving. 

3) Ask the dentist to use materials that ensure the complete safety of the absence of air pockets. It 's definitely 
preferable a material maybe less resistant to usury but with higher qualities of "filler". Of course this is not the most 
economic choice in terms of expenditure and duration, but it preserves the onset of barodontalgie. 

4) In the case of bridges, crowns and inlays ask the dentist to use cement-resin rather than zinc-oxyphosphate or 
ionomeric cements. 



Images 

In the X-Ray image an old amalgam filling with 
infiltrated edges: over the years it can acquire a 
microscopic mobility in its seat, such as to enable it 
to acquire a tendency to work as a non-return valve; 
it would be extremely dangerous during the ascent 
to the surface for the persistence of a bubble of gas 
which, causing pain, prevents proper 
decompression and leads to an unexpected 
consumption of deco mixes, until they run out 
earlier than the end of the dive. 
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In the first X-Ray on the left, the cavity of an air space in 
which the bubble of gas can expand. If the tooth, as in this 
case, belongs to the upper arch, the risks will be greater. 
In the second X-Ray, a series of filhngs that show the 
incongruity of the same ones. The arrows indicate gas 
permeable bags in correspondence of devitalized channels 
that are not properly filled with appropriate substances. 
Particular attention should be placed on overlapped works and aesthetic restorations with materials sometimes 
incompatible. 
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The presence of barodontalgia/barodontopathie can cause the immediate suspension from duty or unfitness of 
professional divers. Among the examinations to be carried out, the dental one is not predicted by diving associations 
and federations, but as in the Navy, it should place particular importance in medical research and legislation on the 
examinations for fitness to dive, in front of the superficiality of amateur divers. 
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Article 

The importance of barodontalgia, well described in the article by M.D. Luca Lucarini, is taken due consideration by the 
Italian Navy, which requires a constant control of dental health to all staff working in conditions of altered 
environmental pressure. 

As Medical Officer in the hospital in Augusta my job was to make sure that all the teeth of the soldiers who underwent 
the scheduled visits were healthy or effectively treated. The command of the infirmary asked me to carry out fitness 's 
examinations and checkups for divers of the core S. D.A.I. These are in charge of defending the port works, contributing 
to the reclaim of the explosive devices. They also perform maintenance works of ships and docks and are trained to 
rescue personnel operating in submarines. The physical training, in-depth knowledge of technical diving and the state of 
health can not therefore allow approximation. 
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A careful testing of all prosthetic and conservative restorations was required in order to check the efficiency of the 
marginal seal and to exclude the presence of secondary caries. The already treated teeth can in fact hide, in the presence 
of a non perfect seal between tooth and restoration, the possibility of the onset of a dysbaric event. The dysbaric dental 
pathology is a potentially dangerous event for any diver as surfacing may correspond to the onset and increase of pain 
difficult to control. 

My reporting of carious disease, or of a no longer perfectly intact restoration even against one dental element, caused 
the immediate suspension from duty or unfitness. The reintegration was possible only after an appropriate therapy 
whose right execution was checked by me. It follows from this that the control of the Italian Navy on men prepared and 
trained to deal with dangerous and unforeseen situations requires the immediate suspension from duty. One should 
place particular importance in medical research and legislation on the examinations for fitness to dive, on the 
superficiality against amateur and professional divers, certainly not called for institutional task to endure the dangers 
and also great suffering, to whom dental check are not required. 

Also the Italian Federation of Fishing and Diving Sport Activities (F.I.P.S.A.S.), one of the most scrupulous training 
agencies in checking the fitness to dive, in order to release diving patents requires a medical certificate issued by the 
Institute of Sports Medicine, but among the examinations to be carried out the dental visit is not predicted. 
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Abstract 

Informatic technologies are a discipline that covers almost all aspects of our lives and in some cases will be, a support 
to the activities of underwater exploration. The purpose of this and future articles is to describe some of the most 
innovative techniques of informatics and show what could be their use in diving. We will also deal with sectors less 
directly involved in underwater exploration on the field, but that are, or could be, of great support to professionals of the 
sector both in training and spreading fields. Some informatic technologies can be useful to the world of diving are: 
computer games, virtual reality and virtual environments. The above mentioned systems are just a few examples of 
interesting appUcations of information technology which, in our opinion, can be successful in the field of diving. 
Purpose of future articles will be to describe with more details the most interesting applications and the underlying 
technologies. 
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Article 

Introduction 

Let's start with this number a series of interventions dedicated to informatic technologies that are and in some cases will 
be, a support to the activities of underwater exploration. 

In this first article we will present a general overview of the various technologies and, because of the limited space, 
many of the concepts and techniques will be described in a superficial way. We apologize in advance with the less 
experienced readers of the computer industry, but we guarantee you that in the future interventions, the themes will be 
deepened and more easily understood even by beginners. Informatics is now a discipline that covers almost all aspects 
of our lives. Some more, some less, all we had to do (and in some cases we struggled) with information technologies. 
For the less experienced many of these experiences were not pleasant, but it's hard not to admit that the computer has 
brought undoubted benefits in every area in which it was appUed. The robots that have landed in recent days on Mars 
are definitely a very current example. A few years ago it would have seemed a scene from a science fiction story, now it 
is reality. One could make many other examples, less striking, of beneficial use of informatics in everyday life, but we 
are interested in the applications related to the so-called extraordinary environments such as space or the ocean depths 
(formerly hostile environments, ed). One of the applications that trivially comes to mind is that of robotics. Far from us 
the idea to deny that robotics is the main application of informatics to the exploration of the AS. But it would certainly 
be wrong to think that robotics is the only application that can succeed in diving. The purpose of this and future articles 
is to describe some of the most innovative techniques of informatics and show what could be their use in diving. We 
will also deals with sectors less directly involved in underwater exploration on the field, but that are, or could be, of 
great support to professionals of the sector both in training and spreading fields. 
What will you find in the other interventions? 

Surely we will talk about robotics. We will try to frame the field of robotics and describe the historical evolution; in 
particular, we will describe the latest approaches proposed by researchers in the field to develop robots increasingly 
intelligent, autonomous and collaborative. One of the next articles, for example, will deal with the bio -artificial 
approach that is currently pursued, in collaboration with NASA, to develop autonomous robots for the exploration of 
Mars'^l This approach is mainly inspired by natural techniques that succeeded (such as the sense of direction of the 
bees, the ability to fly of the dragonfly and capabilities of the retina of the rabbit), in developing very sophisticated 
robotic systems, able to explore autonomously unknown and often dangerous environments. Another interesting 
approach, proposed by researchers at the University of Bruxels, is based on the capacity of cooperation typical of social 
animals such as ants, termites, etc.'^^'. The approach, known by the term of swarm intelligence, allowed the construction 
of very simple robotic systems that have minimum capabilities, if taken individually, called s-bots. The strength of the 
approach is the high capacity for cooperation of these simple systems. For example, a group of s-bot is able to form a 
robotics chain able to cross a gap of such dimensions as to not allow the excess to the single s-bot. Both of these 
approaches are based on models and technics that are present in nature and follow the bio-artificial the trend that has 
developed in recent years'^l In future articles we will discuss in detail this research and the most interesting results that 
were obtained. Now let's see which other informatic technologies can be useful to the world of diving. 
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Computer games 

Although it may seem strange, computer games (or videogames) have become an essential tool for teaching. Sneaking 
in a video game, it frequently happens that, after some initial hesitation, the player is able to quickly get hold of 
knowledge about the necessary controls and behaviors most profitable for the final score. All without boring lectures to 
follow or manuals to study. They say that the player learns using the technique of learning-by-doing, that is, with the 
practical experience, exploring the system (game) to learn and making several attempts to find a winning strategy. 
Currently, therefore, one seeks to achieve solutions that are both a simulation of a real situation and a game. A 
simulation because it provides an immediate correspondence between what happens in the reconstruction and the issues 
that are routinely addressed in the company or in any other area, and a game because it has a strong educational 
character, as in the course of a game one tends to remember the salient actions, made in addressing certain problems. 
The gaming simulation can be defined as an "assessment of the effects of decisions (simulation) taken through the 
assumption of roles (role) subjected to rules (game)" where "the role" is defined as "a pattern of prescribed behavior 
corresponding to the status of an individual in a fictional environment". The first areas where the technique of gaming 
simulation has been applied are the military ones (even from the nineteenth century) and the economic -financial ones. 
However, in recent years, thanks to advances in 3D graphics, reaUzations of very sophisticated and very realistic 3D 
simulation systems are increased that allow the creation of gaming-simulation for any context The only limit is the 
imagination of those who realizes them. 

Virtual reality and virtual environments 

We've all heard of the virtual reality ''I Apart from the futuristic locations of novels and science fiction films, in reality 
several virtual environments were developed (called NVE), which are all available on the Web, where the user can 
navigate in first person (he sees the environment but does not see himself ) and also interact with other connected 

[8] 

users \ 

A NVE is a virtual environment, usually represented through graphic representation D3techniques, which most users, 
physically located in different places, can simultaneously access through the use of computer networks such as LAN, 
WAN or the same Internet. A NVE in addition to be an interesting research topic, is a very useful application tool that 
begins to spread and that will always have more weight in the future when presumably, once considered science fiction 
scenarios, ie those described in books such as Snowcrash'^^' or Neuromancer'^', will be most common: a global network 
will be accessible anywhere in the world and waterway through the use of a virtual immersive realityDifferent types of 
applications bode interesting developments in application areas, which are quite different and heterogeneous. 
The system CAHRISMA, developed at the MIRALAB of the University of Geneva, allows real-time visuaUzation of 
mosques and Byzantine churches, even recreating the peculiar acoustics of such constructions. 

The project aims both to provide a useful tool for the restoration and preservation of cultural heritage and to create an 
acoustic model that complements the virtual environment in order to obtain a sufficiently immersive experience. 
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ActiveWorlds?, however, is so far one of the best software designed for 3D cooperative navigation on the web. This 
tool lets one build and navigate virtual worlds, allowing users to perform typical operations of the real world. With 
ActiveWorlds one can meet people, explore virtual worlds, play and even perform in a new way the traditional e- 
commerce transactions on the network. ActiveWorlds provides the ability to use animated avatars (the representation of 
the users in the virtual world). Among the most innovative functions provided by ActiveWorlds we remember the one 
that allows to build a real house in the explored universe. ActiveWorlds also allows to build virtual communities, where 
users can express themselves on many different topics of discussion. This type of applications is having considerable 
success in the field of artistic and cultural heritage. Often these assets are difficult to be used by the general pubUc (it is 
sometimes impossible because of their delicacy). 3D environments allow to simulate in a very realistic way the visit of 
a museum or an art gallery without difficulty. Of course the interaction in the real world is quite different and many 
purists will have turned their noses. But 3D appUcations are definitely an effective means of disclosure. In a future 
article we will discuss the use of 3D virtual environments to be used by the general public of submerged cultural and 
natural heritage. In such environments, 3D representations of wrecks or artistic objects are available to everyone, and 
allow visitors to simulate a dive, safely, and to move around the wreck as if it were real. 

Lastly 

The above mentioned systems are just a few examples of interesting applications of information technology which, in 
our opinion, can be successful in the field of diving. Purpose of future articles will be to describe with more details the 
most interesting applications and the underlying technologies. Apart hoping that they may be of interest to readers, we 
invite all interested parties both to contact us for further details (because of space we will be forced to overlook some 
technical aspects) and to report any omissions of oms. 

References 

[1] Burdea, G.C.; Coiffet, P., Virtual reality technology, Wiley, 2003. 

[2] Cecchini, A.; Crisma, A.; Dutto, D.; Frisenna, A,; Furlanetto. E.; Miseo, M.; Recla, A.; Savini, I.; Simone, M., I giochi di Simulazione nella 
Scuola, Zanichelli, 1987. 

[3] Gibson, W., Neuromancer, Harper Colllins, 1995. 

[4] Mange, D.; Tommasini, M., Bio-Inspired Computing Machines , Presses Polytechniques et Universitaires Romandes, 1998. 

[5] Nolfi, S.; Denebourg, J.L.; D. Floreano, D.; Gambardella, L.; Mondada, F.; Dorigo, M., "Swarm-Bots: Swarm of Mobile Robots able to Self- 
Assemble and Self-Organize", in: ERCIM News, n.53, 2003. 
[6] Rabin, S., Al Game Programming Wisom, Charles River media, 2002. 
[7] Stephenson, N., Snowcrash, Bantam Books, New York, 1992. 

[8] Synghal, S.; Zyda, M., Networked Virtual Environments: Design and Implementation, Addison Wesley, 1999. 

[9] Thakoor, S.; Chahl,J.; Srinivasan, M.V.; Young, L.; Werblin, F.; Hine, B.; Zometzer, S., "Bioinspired Engineering of Exploration Systems for 
NASA and DoD", in: Artificial Life, 8(4), 2003. 



JANUS vol. I, n. 1, pag. 21 




Journal of Aquanautic and Underwater Sciences 

JANUS 



The Future of Information Technology: 
Autonoumous Systems and their Applications 

Author: Fabio Abbattista" 

"Abbattista, Fabio, Associate Professor, Senior Researcher of Menabrea Lab, Dipartimento di Informatica, Universita di 
Bari (Department of Computer Science, University of Bari, Italy) 

Abstract 

Computers have changed human Ufe almost in an irreversible way except for the diving sphere, in which they have not 
had as much importance as in other human activities. The situation is a little bit different if we look at the informatics 
area connected with the robotics (born with the purpose of replacing man in doing all his hardest and more dangerous 
works). From the diving point of view, robotics does its own work since 30 years thanks to the ROV's introduction 
(Remotely Operated Vehicles) .They are stronger and proofer than a man is, they do works that a man can't do, but they 
cannot act on their own: they are not autonomous. Virtual reality studies the possibility to integrate man with machine. 
This is the task of the Artificial Intelligence and the Cybernetics but until now we are far from the creation of an 
artificial system that is totally independent of man. 

Keywords 

Artificial Intelligence; AUV; Computer Science; Cybernetics; Evolutionary Computation; Human-Robot Cooperation; 
NASA; Natural Computation; ROV; VERDEX 

Abbreviations 

AJ (Artificial Intelligence); AUV (Autonoumus Operated Vehicle); POE (Phylogenetic, Ontogenetic, Epigenetic); ROV 
(Remoted Operated Vehicle) 

How to cite this article 

Abbattista, F., "The Future of Information Technology: Autonomous Systems and their Applications", in: Journal of 
Aquanautic and Underwater Sciences, (online pub.) vol.l(l), Nov. 2014, ISSN 2283-5393, 
doi:10.17272/janus.vl.nl.a06.2014 

Copyright 

Attribution-NonCommercial-ShareAhke CC BY-NC-SA 



Article 

Computers have changed the human life almost in an irreversible way. They have taken a main position in every part of 
human life, so that it's unimaginable not to use them anymore. 
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Furthermore, today in the case of their bad functioning (or intentional sabotage by hackers i.e.), several activities will 

suffer incalculable lacks (think for example of economic or financial activities). 

In the diving sphere, computers have not had as much importance as in other human activities. 

Actually, we have pulse dive computers and consolle dive computers and, also, several software to support divers in 
planning technical diving (though using more than a mix). 

Through diving tables, divers plan the depth's times with algorithms. They plan also the decompression stops and the 
different mixtures ratios with more accuracy and more details than a diving expert could do or in less time than a 
current computer does. 

Everything that seems so great from the neophyte point of view, is really produced using very simple software, and if 
the software is not excellent the same goes for the hardware. 

The situation changes a little if we look at another informatics area: the one connected with the robotics. 

Robots were born with the purpose of replacing man in doing all his hardest and more dangerous works (think of the 

factories and the exploration of hostile and unknown places) and nowadays they are used with excellent results. 

From the diving point of view, robotics does its own work since 30 years thanks to the ROV's introduction (Remotely 

Operated Vehicles) used to support divers or, very often, in divers substitutions. 

ROV have been developed in 3 different main categories: 

ROV used for surveys: they are instruments with TV -camera able to analyse the sea depths and control dive operators 
from the surface; 

ROV used for recoveries: they are able to recover objects from the sea depths just by using manipulation systems; 
ROV used for changes: they are more sophisticated than the previous ones, because their manipulators have to do 
movements normally done by human arms or hands. 

In both the categories, we have a program, written in some programming language, that guides robot or computer 
actions. 

Maybe not everyone knows, 'though he should do, that a computer program does exactly what its programmer has told 
it to do. 

If the programmer is wrong, so is the program. A program will never decide to be wrong on its own. 
This characteristic of software implies that: 

- the diving software are nothing more than a mean to have quickly the answers you're waiting for (diving times, 
decompressing stops, gas mixtures), but always a known answer. They couldn't be used to obtain suggestions or 
answers to new problems because they don't have any judgement capability. 

- Robots, controlled by a written program, have just the same limits we have seen before. They are stronger and proofer 
than a man is, they do works that a man can't do, but they cannot act on their own. Also in the case of robots, the 
programmer has the responsibility for robots's actions because he has created the control program. 
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Of course, this situation was unacceptable and it still is in every sphere we are going to use computers. What we need is 
aU in one word: autonomy. A software program, executed by a computer or a robot should be able to decide how to 
behave and act in every situation. 

The first step in creating an artificial system, able to take hard decisions, has been done exploiting the power of virtual 
realityf^-^l 

Virtual reality is a very high technological discipline. It studies the possibility to integrate man with machine. The goal 
is to create digital environments (within the computer) in which man can move like in a real one. 
The main difficulties are both technological and psychological ones. 
From the technological point of view, we get the following problems: 

- a man who finds himself in a virtual environment, should consider an artificial environment as it was a natural one. 
For example, all the Internet computers users are in a virtual environment. 

Nevertheless, the representation of the websites gives no idea of the virtual world. Think of how things would improve 
if Internet was represented in a tri-dimensional way like a city, and sites like buildings. It would be even better if the 
users were considered as digital individuals walking along the roads and going for shopping. 

- A man who finds himself in a virtual environment should interact with this environment in the most natural way he 
can. Always thinking of Internet, the interaction using computer's keyboard, mouse and screen and everything else is 
surely artificial, although nobody considers it a virtual reality. 

Think of how things would be better if users could use helmet, glove and something else just "to touch" objects in 
websites. 

A not really scientific but detailed discussion about Internet as a virtual world has been found in some cyberpunk 
romances, as the famous Neuromancer'''l 

From the psychological point of view, the main problem is that of bewildering (a topic so dear to the science fiction 
writers), that is to say the possibihty for the users of the virtual reality to be no longer able to distinguish between the 
real world and the digital one. 

Going back to our topic, virtual reality has lead to create Tele-robotics systems, that means hybrid man-robot systems. 
Robot, provided with microphones and cameras (eyes and hears) moves in the real environment, 'though hostile, and 
gives all the informations it gets with artificial senses. 

The human operator, because of informations he receives (informations about the environment in which the robot is 
located), controls the robot's actions and, using his experience and intelligence, decides the behaviour to adopt. To make 
the Tele-robotics system efficient, it's necessary for robot to receive quickly orders by man. Apart from the time of the 
order transmission, it is essential that the reaction times of man are as short as possible in order to have a natural way to 
give orders. For example, if the order was "Turn your head on the left side" it's easy to realize that, instead of giving the 
order by using the computer key-board or mouse, the right solution would be simply to turn the head on the left side, 
obviously after having equipped the head with a helmet (or eye-glass, visor, etc.) provided with a particular system able 
to show the position and to translate man's actions into signs for robot. And it's the same for every other movement that 
robot is asked to do. 
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In this field the National Advanced Robotics Research Centre (Salford University, Manchester, UK) is surely in the 
forefront'^'. 

One of the Centre's project, called VERDEX (Virtual Environment Remote Driving Experiment) tries to integrate the 
different techniques of virtual reality and telepresence with a system created for a moving robot. It tries to verify the 
validity of interactions between a man and a semi-autonomous robot. 

The system is composed by a robotic vehicle (Cybermotion K2A) equipped with 2 cameras, 2 microphones and some 
lamps to light up the zone in which the robot moves. Besides, the robot has got an infrared laser and an infrared 
sensitive camera in order to perceive half-dark places and to receive the environment's 3d images to be sent to a 
visualising device (helmet) available for the operator. In this way we can use the system also when the standard Tv 
signal is not efficient (because of smoke, fire, muddy water....). 

The human operator, in order to control the robot, is equipped with a glove (it is designed in the 

same centre) able to perceive tactile feelings, and with a helmet and systems able to recognize and summarize the 
speech. 

The Tele-robotics systems are now a reality. 

Nowadays there are yet vehicles used to look at the sea-bottoms that are remotely controlled by man. With those 

systems we have explored Edmund Fitzgerald and Titanic Boats wrecks. 

Although useful and interesting. Tele-robotics systems don't represent autonomous systems. 

The ideal scenario in the diving sector would be one in which the robots, autonomously, using their intelligence, did 
dives without the human presence and did tasks that are currently the prerogative of man or impossible to be performed 
by man because of the depth. 

The ideal autonomous robot, similar to Asimov's robot''\ has been the human dream since the previous centuries. 

In the last 50 years, since new computers have been introduced, this dream (or nightmare) seems to come true. 

This is the task of two information technology fields: the Artificial Intelligence and the Cybernetics. 

The Artificial Intelligence (Al) was born with the intent to explain and, therefore, to automate the so-called high level 

processes of the the human brain: the thought, the reasoning, the creativity. That is to say our mind that makes us 

different from animals and makes us higher in the evolutionary stair (since now at least). 

On the contrary. Cybernetics was born, thanks to Wiener'^^, with the intent to study the natural mechanisms of the 
human behaviour's control in order to put them into artificial machines. 

The main object of the study is the machine as a system that gets stimulus (input) from the environment, that processes 
them according to a control function (state transition) and produces actions (output) that influence the surrounding 
environment and then the subsequent input. According to this definition, a man and a thermostat are both machines. 
These two fields have developed almost independently for about 25 years. Both have achieved successes and failures, 
and both have resulted in numerous areas of research. 

However, we are so far from the creation of an artificial system that is totally independent of man. 



JANUS vol. I, n. I, pag. 25 




Journal of Aquanautic and Underwater Sciences 

JANUS 



The present robots still seem like a foetus linked to its parent with an umbilical cord. We don't have the right tool to cut 
off that cord saving the foetus from the death because it is not able to survive. 

Only in these last years, the concept of autonomous system has spread. Usually we speak of a system capable of 
autonomous actions carried out in the real world for a purpose that responds to external stimuli '^^l 

For the moment we accept this definition, but without going into details that go far beyond the scope of this paper, it 
should be said that the scientific community has not yet come to a precise definition of terms such as autonomous 
system and real world. 

According to this definition, a system hasn't to be necessary intelligent to be autonomous, where "to be intelligent" 
means to have high level of human capabilities. To this regard, I suggest you to read the R. Brooks's work: "Elephants 
don't play chess" 

The author gives a new concept of intelligence: as the title suggests, elephants are not able to play chess (because they 
don't have a "mind" as considered in AI), but it doesn't mean they are stupid. 

And according to the same definition, an autonomous system has got a purpose and act to achieve it. One could then 
Umit an autonomous system to be able to act independently but only to pursue its sole purpose (though the system could 
act also in different and unforeseeable situations). 

Based on current knowledge of neural processes, we are not yet able to achieve (to program) a system that exhibits an 
autonomous behavior (moreover, it seems a contradiction to program something that should be autonomous, that is not 
programmed). But the last word has not been said. 

We are not able to create an autonomous system, but in the past, someone has been successful in doing it: we are 
speaking of nature. It has created milUons of living and autonomous organisms. This is the main idea of another search 
called Natural Computation'^l 

At the moment a kind of living organism that gives us excellent starting points in searching is represented by ants 
because of their location and communication capabilities to put together two points in the shortest way (generally they 
put together food and nest). With more surprise, this ability allows them to get over 
obstacles and find their shortest home way. 

The study of the ants has brought to the development of a particular method of optimization called Ant Colony 
Optimization (ACO)''"' which has been successfully used in the regulation of traffic on telephone and telematics 
networks, where the paths are frequently interrupted because of the yelding of a net's knot or of the stoppage of a 
connection. 

In my opinion there are two aspects very promising in the Natural Computation: the Artificial Life and the Evolutionary 
Elaboration. 

The Artificial Life, according to one of its founder's statements'"', is involved in studying Ufe-as-we-know-it (life on 
earth) in order to discover life-as-it-could-be. 

It tries to analyse the organism's most important aspects (as metabolism, reproduction ), independently of the 

environment in which they live, just to simulate them in a different, digital environment: the computer's inside. 
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Among the realized artificial life's environments, we have to mention the TIERRA environment''^^ in which the 
designer, the biologist Ray, has simulated the Cambrian geological era environment. The simulation, in TIERRA, starts 
with a unique digital organism, a computer program. Its only capability is to copy itself in a free zone of the computer 
memory. During the copy process, there is a possibility of mistakes (just like in the genetic mutations), so that the "son" 
can be a little bit different from its "father", 'though keeping a lot of its characteristics. 

The simulation goes on running in turn all the present digital organisms (using the time slicing mechanism). While the 
simulation goes on, creatures fight with each other to have the only available resources: memory and execution time. 
Simulation produces the proliferation of organisms with natural characteristics as: 

- parasitism: creatures which use parts of the program of other closed creatures in order to speed up their copy and 
colonise the memory; 

- Symbiotic: creatures which work in couple and cooperate to their copy providing of the necessary program; 

- Hyper-parasitism: creatures are able to avoid parasites in the vicinity. 

On the contrary, the Evolutionary Computation''^' takes Darwin theory as a starting point''*'. 

In fact, nature has been able in a long time to optimize (and it will continue in doing it) the performance of living beings 
in their own habitat. 

The main idea of the Evolutionary Computation is just to evolve solutions to problems of engineering, by by selection 
and recombination of the most suitable intermediate solutions. 

The following algorithm describes, in a schematic way, all the stages necessary to make a generic Evolutionary 
Algorithm : 

1. Stream-Generation=0; 

2. To generate a starting population of individuals so to solve the problem; 

3. Till Stream-Generation is smaller than Maximum-Generation (fixed value) Repeat: 

4. To evaluate the quality of the individuals of the population ; 

5. To select those individuals with higher qualities; 

6. To recombine with each others the selected individuals ; 

7. To change the obtained individuals whit the previous step; 

8. End - Repeat. 

The various evolutionary algorithms present in literature''^' differ in the way in which the different steps of the 
algorithm are made. 

Anyway, the critical point is the second step. 

Infact, the performances of the evolutive algorithm are strongly influenced by the kind of representation that has been 
chosen for the individuals of the population. At the beginning, in the Genetic Algorithms''^', every individual was 
represented by a binary string (0 and 1). The present trend is to use representations more linked to the real solution one 
has looked for. 
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For example, think of a hypothetical problem's solution that is given by 3 numbers: 12,23,45. In earlier genetic 
algorithms, the individual -solution was represented by three numbers in a binary combination: 0001100, 0010111, 
0101101. 

On the contrary, at the moment, the right solution is given by three integers: 12, 23, 45. 

What's the way to create a autonomous system exploiting the Natural Computation? We can find it out in a Sipper's 
work"^'. 

Sipper presents a new model for the development of natural and artificial organisms, based on the observation of what 
occurs in nature. 

All natural living organisms are subjected to three different but connected processes: 

- the Phylogeny: the change (evolution) of an individual's genetic heritage; 

- the Ontogeny: development and growth of an individual's structure; 

- the Epigenesis: learning of individuals. 

We can look at those 3 processes as they were 3 axes in a 3D space (Fig. 1). 

Every organism represents a point in the POE space (Phylogenetic, Ontogenetic, Epigenetic). 

According to Sipper's statements, as well as the combined action of the three POE process has ledt to the development 
of more evolved living beings, in the same way, it will led to the development of more evolved autonomous systems in 
the artificial world. 

At present, research is focused on the PE axes space, trying to obtain, through evolution (simulated), already trained 
individuals (without the necessity to grow up) able to learn how to perform a certain task. 

In literature we have a great number of works that use an evolutionary algorithm (P axis) to make the project of neural 
net-work or fuzzy network (E axis) optimized, in order to use them to recognize images, industrial processes, 
signatures, diagnosis and so on. 

Only recently, the three axes have been considered together, simulating the individuals growth using an egg cell as a 
starting point: think of a neuron (for a neural network) and a programmable hardware circuit (for a robot). 
Moreover, most of the PE systems is essentially made of software, that is to say, computer programmes with more or 
less autonomous behaviours, more or less intelligence, but within a digital world. 

What Sipper wants us to do is to pay attention to the whole POE space and, most of all, to hardware's realizations (that 
is: concrete, material systems, with more or less autonomous or intelligent behaviours) but within the human real world. 
When POE model (fig. 1), or some other future model, will give us results that we are waiting for, we will see what is 
described in the NASA's futuristic project. In that project, there are robot-miners that take 
out substances from mines and carry them into a completely autonomous factory to have 
basic components. Later, those components are carried into another factory (completely 
autonomous too). This factory processes them in order to have final products for human 
beings. The factory also creates new robots (with different functions) to help the previous 
ones. In a more futuristic scenery'^''), robots themselves would be able to create other 
factories able to create robots and conveyance space-ships. The NASA could use them to 
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colonize the space. 

Nowdays, it's rare to find in literature some approaches between artificial life and the natural computation on one side 
and sea world on the other side but nothing keeps us from using the NASA's project in the sea world. It's more 

natural to think of those evolved robots to explore and colonize oceans on our planet rather than places on a so far 
world; moreover most of the sophisticated equipments used in the space comes from the sea world and vice versa. 
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As co-leader of the Proyecto de Buceo espeleologico Mexico y America Central, Ann Rristovich was an active cave 
diving explorer in Mexico, Belize and Central America since 1989, participating in the exploration and preservation of 
Zacaton and adjacent cenotes. She held from 1993 to 1998, with a dive to 554 feet in Zacaton, the feminine record of 
deep diving, and until 2001 the record in the cenote, one of dozens of people in the world to dive below 500 feet into 
the cave. Dentist, Rristovich is also the physician of the team and was awarded in 2000 with the prestigious annual 
Women Divers Hall of Fame. In the article the author show the "Winging It" IWR method and compare it with others 
procedures. 
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Article 

Although the history of autonomous deep diving is short, over the period of time from its beginnings (early 90s), in 
every period, one can find people who have tried to dive to the limits permitted by the physical and physiological 
knowledge on diving activities, moreover in the most inaccessible places in the world. Thanks to the dive computers 
(first for air, then for nitrox and later for trimix) and new specific equipments, technical divers are pushing far beyond 
the Umits of autonomous diving. They dive deeper and longer, with self -produced gas mixtures and sometimes at great 
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distances from a reliable medical center. These divers are driven only 
by their dreams and their passions. Even other operators, however, are 
pushing "beyond the limits", on the basis of different needs. The 
growing demand for food and energy, by the growing world 
population, led professional divers, clams fishermen, scientists and 
researchers to travel "to the ends of the world", in order to dive in the 
waters still rich in exploitable resources. For many of these divers and 
operators, far plenty of hours or even days from a hyperbaric center, 
the treatment of decompression illness (DCI) with traditional methods 
(recompression in a hyperbaric chamber and co-administration of pure 
oxygen) is sometimes too difficult, if not impossible. Decompression 
illness can be considered the typical misfortune of divers, as a 
stretching of ligaments or a fracture are for skiers. It is, in fact, the 
result of a complex and dynamic process of gas exchange between the 
bubbles in the circulation and tissues, which manifests itself in every 
person who is decompressed by a pressurized environment. As such, it 
is not predictable and is one of the risks to be accepted if one wants to 
enjoy diving. 

The most favorable DCI treatment is the elimination of the excess of inert gas with the establishment of a optimal 
gradient, in the restoration of blood perfusion in tissue downstream of the bubble with the reduction in size of the same 
bubble and in the prevention or treatment of inflammatory 
processes that precede the next and more serious damage. 
These last two points make it immediately obvious why a 
recompression should be done as quickly as possible, in 
order to have a better chance of complete success. In places 
far from a hyperbaric center, only an immediate 
recompression treatment, in association with a first aid 
(presented below) will avoid irreversible deterioration 
(diagrams on the side according to "Winging It" of the team 
PBEMAC Tab. 1 and 2). The irreversibility of all or part of 
the damages in some tissues begins already after just ten 
minutes from the onset of DCI. When there is delay of some 
hours in the treatment in the hyperbaric chamber, the 
recompression in water should be considered a viable 
option. The great efficacy of recompression in a hyperbaric 
chamber, highlighted by statistics, is never accompanied by 
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the note, just as important, that the treatment of the injured diver, in the 
professional and miUtary field, occurs within minutes after surfacing! Being 
able to successfully manage an in-water recompression in a remote location 
requires preparation, acceptance and a flexible plan immediate and safe to be 
applied. All divers of the team will greatly benefit from repetition, before each 
dive, of an accurate briefing on the management procedures of DCI, the review 
of the incidents and the communications of them. By this way everyone will be 
able to take care of the injured, performing exactly as agreed. With regard to the 
equipment, it is necessary to have a large amount of oxygen, a full face mask for 
the injured, a stand by diver, a ballasted and marked at different altitudes rope 
and a quick and effective communications system. The various methods of in 
water recompression vary in some detail, but they have many elements in 
common: the descent to a particular depth, generally 29 ft.; the stay at to a time 
that depends on the severity of the symptoms; a very slow ascent to the surface 
(some methods schemas at right). 

Even the method "Winging it" has produced excellent results, if applied with a 
minimum of criterion and referring to what is indicated by other methods. 
Essential to the process of the recompression is the use of pure oxygen. The air 
or nitrox (in percentages normally used by divers) increase the nitrogen load in 
the tissues !In the case the percentage of oxygen in the Nitrox was higher, there 
would be a slowdown of the leakage of nitrogen. I give an example with 
gradients in Table 3 . 

In conclusion, the availability of pure oxygen is a critical element. In many 
divers, weak symptoms of DCI were successfully treated with simple breathing 
of pure oxygen at the surface. For this reason, the procedure developed by our 
research team contemplates breathing for ten minutes before starting real 
recompression. Even when making a treatment in a hyperbaric chamber, 
breathing of pure oxygen at the surface during transport will allow an easier 
resolution of the problem. 
One of the situations most related to DCI is 
dehydration. It can be serious in severe 
illness. The administration of appropriate 
fluids, oral or intravenous, is essential for 
the maintenance of the correct parameters of 
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volume and density of the blood. Dehydration can cause an excessive reduction of blood volume, which is followed by 
hypovolaemic shock, exactly as in the case of bleeding. The density of the blood increases for the reduction of plasma. 
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this fact reduces even more the speed of its movement in the vessels. Several laboratory studies has highlighted a higher 
density of blood, both in DCI and arterial gas embolism. In the latter case, the dehydration is probably due to the loss of 
plasma in extravascular spaces, because of the damage of the vessels at the cellular level. A strong hydration increases 
the volume of blood, keeps normal blood pressure, reduces the density of the blood, improves circulation in the 
capillaries and can facilitate the removal of excess inert gas. Balanced salt solutions, such as Ringer's lactate, or simple 
saline should be taken after every challenging dive. It is indispensable not to inject glucose or its solutions 
intravenously, as capable of producing intercellular acidosis, decreasing the effectiveness of the treatment of symptoms 
to the central nervous system. 

The divers of the team "Proyecto de Buceo Espelologico Mexico y American Central", have adopted a specific 
procedure of hydration with an immediate effect in the absence of subsequent episodes of DCI. 

The procedure consists of two phases, one before the dive and a subsequent one conducted thereof. Divers who have to 
play long dives, deep or challenging ones, start the procedure of hydration the day before the dive. Generally it is said 
that a person needs to drink two liters and a half of water a day. However it must be remembered that this figure is 
estimated for a man of 70 kg weight and in an environment at 68°F (20°C). When factors com6e into play such as the 
physical effort and the tropical heat, the water requirement is considerably higher. Furthermore divers can not overlook 
the fact that diving stimulates diuresis. In our experiments we found that, although one can drink underwater, the diver 
stops to drink fluids after an amount of about one liter, feeling "full". Sometimes even claiming to be sick and not want 
to drink it further. The volume of fluid taken, moreover, does not appear in its entirety in the bloodstream. 
Therefore the procedure registered has tested the use of a massive hydration pre-dive with drinks with a high rate of 
salts and sugars in accordance with the provisions of the WHO for rehydration. Before being ready to dive, the diver 
must feel frequent urge to urinate, by issuing clear urine, with no particular smell. Obviously, this procedure was 
performed on a small number of subjects, even under medical supervision and with many repetitions, and can't be 
considered conclusive. In our research group we have assumed that the loss of water through respiration can be 
compared to that of the climbers at high altitudes, who breathe a dry gas. Calculations performed for their needs show 
that every four hours they lose a liter of liquid from the blood. Therefore we have further increased the level of pre 
hydration when the diver had to perform a dive with a duration of more than four hours. 

After the dive, when returning to the surface, it was predicted that the diver must remain in deep water up to the chest 
for 30 minutes, breathing pure oxygen. Returned to ground, the diver immediately removes the equipment in order to 
facilitate the maintenance of normal body temperature, continuing to breathe pure oxygen. We can immediately make 
two considerations, relating to the logistical and environmental situation of the trial: the first one is that the Cenote, 
where we held, implies the absence of waves and immediate accessibility to the shore; the second one is that the 
temperature of the Mexican tropical forest is more than 77°F (25°C). 

After the undressing, the subject at rest was intravenously rehydrated with one or two liters of fluid infused at the 
maximum possible speed, until the diver has not issued clear and odorless urine. In addition to the recompression in a 
hyperbaric chamber and that in water there is a third method of first aid for DCI: the medical-pharmacological therapy. 
It may be started also before the recompression in water. It is based on three fundamental elements: breathing of pure 
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oxygen, strong oral and intravenous hydration, medications counteracting or reducing the inflammatory action caused 
by bubbles (main mode of progress of the harmful effects of DCI). 

Prof. Xavier Fructus of COMEX suggested specific procedures. His technique is based on an assembly of several 
elements: breathing of pure oxygen with mask, steroids for intravenous infusion (for example, Decadron 30 mg), 
intravenous aspirin and Ringer Lactate or Dextran 40 as moisturizers, intravenously too. The first aid with drugs was 
developed by prof. Fructus for divers who work in remote areas areas that are just hours from the nearest hyperbaric 
center. An integral part of the treatment is then recompression in a hyperbaric chamber, in an appropriate facility and 
with the supervision of a medical specialist. As shown in the literature, the procedure of Fructus indicates what to do, 
while making the transport, if the hyperbaric chamber is distant. The results in 67 cases of DCI to the central nervous 
system managed by this technique during transport were excellent. In 72% of the divers symptoms improved or 
disappeared before arrival to the hyperbaric chamber. 

Substantially in any trauma, the tissues become inflamed. In some cases the inflammation is most damaging than the 
trauma or disease that have caused it. As a natural response, the body produces cortisone, a steroid whose anti- 
inflammatory mechanisms have not yet been exactly understood. Certainly among its effects there are the disappearance 
of inflammatory processes, if they happen to be in the early stages, and a quick resolution of the same ones, with the 
acceleration of healing, whether already developed. The Decadron (dexamethasone) is a synthetic steroid that mimics 
the molecule of cortisone. The procedure of Fructus recommends a dose of 30 mg of Decadron or equivalent steroid. 
Lidocaine, which does not belong to the group of steroids, has proven to be effective to inhibit the action of 
leukocytes. Administered by intravenous infusion, in the same doses used for cardiac arrhythmias (1 mg per kg of body 
weight), is safe and potentially useful to support the therapies already described. 

The use of aspirin for the prevention or treatment of DCI is very discussed. Certainly it has an antiplatelet function, due 
to several mechanism. The aggregation is part of the process of inflammation and coagulation, stimulated by substances 
released during the inflammatory process. Preventing the formation of these lumps can facilitate blood perfusion in 
compromised tissues. 

Obviously, this drugs should be administered by a doctor. Make an intravenous infusion in an unhygienic environment 
like the one where our research's dives were conducted, carries risks of infection that must be well known and 
minimized. 

As a result of what was examined, the best treatment for DCI is the immediate recompression in a hyperbaric chamber. 
However, when the transport to a facility takes a long time, the in-water recompression, preferably waiting for help, and 
/ or medical therapy may be useful to save the life and to improve the recovery of the full functionality of the injured. In 
fact, a delay in the hyperbaric treatment seriously undermines the chances of full recovery of the diver. If 
equipments, competent and well-trained persons and any necessary medications are available, medical therapy and 
recompression in water in these cases are effective methods of care and should be immediately applied. After years of 
fieldwork, technical divers who perform challenging researchs or deep water's researchs understood that DCI is not a 
remote possibility, but an incident that has a decent chance of occurring. Do not be prepared to handle it is as dangerous 
as diving with the wrong mixture ! 
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